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January 16, 19 ~ 

Environmental Protectiort Agency 
Document Processing Center (TS-790) 
Room L-1 00 
Office of Toxic Substances 
401 "M" Street s.w. 
Washington, D.C. 20460 

Joeeph w. Rclbll. VIce ~ •f 
Reeeo!ch DMtlor. 

W.R. Groce A Co. COnn. 
7379 Route 32 
Columbia. Maryland 21044 

(30'1 ) 531-.4331 

Attn: Health and Safety Reporting Rule (Notification/Reporting) 

Pleasa find attached S(d) health and safety reports for 
mixtures processed col,taining toluene di isocyanate (CAS # 264 71-
62-5), 4,4-Diphenylmethane diisocyanate (CAS #101-68-8) and 
1,6-Diisocyanatohexane (CAS #822-06-0). Grace is submitting these 
reports for late filing since their submittal may have been subject 
to the isocyanates 10-year call-in of June 1, 1987. 

We have reason to believe that some of these reports may 
have previous l y been submi tt.ect to EPA as attachments to PMN 
submissions . However, Grace is filing them as a precautionary 
rueasurP to i nsure EPA's receipt. 

These reports are being submitted for: 

.?:,. : \JH91-013/1W 

Attachments - 20 

W. R. Gra~e & Co.-Conn. 
Washington Resnarch Cent er 
7379 Route 32 
Columbia, MD 21044 

Sincerely, 

["~/~'~::~~- --
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PREFACE 

This report contains a summary of the data compiled during the evaluation 
of the test material. The report is organized to present the results in 
a concise and easily interpretable manner. The first part contains items 
I-iV and provides spons r and compound identification information, type 
of assay and the protocol reference number. All protocol references indicate 
a standard procedure described in the litton Bionetics, Inc. "Screening 
Program for the Identification of Potentia·, Mutagens and Carcinogens." 
Item V identifies the tables and/or figures containing the data used by 
the Study Dire ctor in interpreting the test r!sults (item VI). 

The second part of the report, entitled PROTOCOL, describes, in detail, 
the materials and procedures empl~yed in conducting the evalution. 
This part of th~ report also contains evaluation criteria, standard 
operating procedures and any appendices. These are included to acquaint 
the sponsor with the methods used to develop and analyze the test results. 
All test and control results presented in this report are supported by 
fully documented raw data which are permanently maintained in the files 
of the Department of Genetics ~nd Cell Biology. Copies of raw data will 
be supplied to the sponsor upon request . 
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I. SPONSOR: W.R. Grace & Company 

A. Identification: l-,001 

a. Oata RectiVtd: October 10, 1977 

c. Phys1ca1 O•script1on: Viscous yellow liquid 

III. TYPE OF ASSAY: Mouse Lymphoma Forward Mutat ·ion Assay 

IV. PROTOCOL NO.: OMT-106 

V. RESULTS 

The data presented tn Tablo 1 show the concentra t ions of the tast 
compound employed, number o1' 11utant clones obtained, surviving 
populations after ;;he ~xprus1on period, and calculattd •uUtion 
frequencies. Al l calculations art perfort~td by co.puter progru. 

VI. INTERPRETATI ON OF RESULTS ANO CONCLUSIONS 

The te st mater i al, L-2001, was prepared as a stoc· elution in 
DMSO (32 u'l/ml) and diluted in OM$0 to obt.ain a series of concen­
trations employed for toxicity determination. A concentration of 
0. 32 ~ 1/m l was clearly cytotoxi for the L5178Y cells. The 
maximum tolera~ed concentration was between 0. 12 ~1/ml and 0.16 ~1/ml. 
Two separa te tests were conducted and the concentration ranse employed 
wa s from 0.0056 1/ ml to 0.16 ~ 1/ml. 

The results of the first tests are shown in Table 1. The data 
appear slightly e·levated across several doses but do not show a dose 
related trend. Under nonact~vation test conditions, a single data 
point (0.04 ~ 1/ml) was 2.5 tirrY~s the sclvent control, but not the 
negat ·ive control . The samt? was true for the activation test results. 
The data were considered suggestive enough for a repeat test. 

The results of ·~he second test are shown in Table 2. The data from 
this test were also seen to fluctuate above the control data in the 
activation test. Again, no consistent trend in the data was observed 
and the results were consid~reo to be random variation since adeGuate 
toxicity was obtained in this rt1n . 

*InfoMn~tion ·..,as sucolied by the sponsor. If informaticn was not 1nd1catld 
by t he sponsor, ~. ! , ~•s entered. 
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VI. INTERPRETAi:ON OF RESULTS AHO CONCLUSIONS (Continued) 
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Utton 

It was cCincluded that L-2001 was not mutagenic. for the L5178Y 
(TK +/-) cells under the conditions of this evaluation. 
Increased mutation frequencies were observed in two runs of the 
compound but the data appeared to be random variation and not 
consistent with compound-induced mutagenesis. 
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PROTOCOL 

1. PURPOSE 

The purpose of this study was to evaluate the test material tor speci­
fic locus forward mutation induction in the L5178Y thymidine kinase 
(TK) mouse lymphoma cell assay. 

2. r·1 .~TERIALS 

A. Indicator Cells 

The cells used in this study were derived from Fischer mouse lymphoma 
cell line ll578Y. The cells are hetero!ygous for a specific autosomal 
mutation at the TK locus and are bromodeoxyuridin~ BrdU sensitive. 
Scoring for mutat1on was based on selecting cells that have undergone 
forward mutation from a TK+/- to a TK-/- genotype by cloning them in 
soft agar with BrdU. 

El. ~1edia 

The cells were maintained in Fischer's medium for leukemic cells 
of mice with 10 ~~ horse serum and sodium pyruvate. Cloning medium 
cons i sted of Fischer's medium with 20% .horse serum, sodium pyruvate, 
and 0. 3 ~ Noble agar. Selection medium was made from cloning medium 
by t"'e addition o·f 7.5 mg BrdU to 100 ml c1oning medium. 

C. Contr')J.. Compounds 

1. Negative Control 

The solvent in which the test compuund was dissolved was used 
as a negative control and is de$ignated as solvent control in 
the data table. The actual solvent is listed in Table 1 of 
Section V Results. 

2. Positive Control 

Ethy'lmethanesulfonate {EMS), which induces mutation by base­
pair substitution, was dissolved in culture medium and used 
as a positive control for the nonactfvation studies at a 
f1"~ 1 concentration of 0.5 ul / ml. 

Dimet hy :,.. -; > ~a:r. -! M (DMN), which 'nduces mutation by base­
pair sub!c.tit t, . · . · and requires metabolic biotransfonnation 
by micr-osomal 1!r.Zyme$, wu used as a positi,;e control substance 
for the activation studies at a final concentration of 0.5 ~1/ml. 
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3. EXPERIMENTAL DESIGN 

A. Toxicity 

The solubility, toxicity, and doses for all chemicals were detr.r­
mined prior to screening. The effect of each chemical ~n the 
survival of tne indicator cells was determined by ex~osing thP. 
cells to a wide range of chemical concentrations in complete 
growth medium. Toxicity was measured as loss in growth potential 
of cells induced by a 4-hr exposure to the chemical followed by a 
24-hr expression period in growth medium. A minimum of 4·o:oncentrat ions 
was selected from the concentration range by using as the highest 
dose a level that showed a reduction in growth potential. At least 
3 lower doses, including levels which were below the toxic range, were 
added. Those compounds that were relatively nontoxic to cells growing 
in sus)ension were tested at concentrations of up to 10 mg/ml when 
solubility permitted. Toxicity produced by chemical treatment was 
monitored during the experiment. 

B. Assays 

1. Nonactivation Assa~ 

The procedure used is < modification of that reported by 
Clive and Sper.tor (197~). Prior to each treatment, cells 
were cleansed of spontaneous TK-/- by growing them in a 
medium containing thymidine, hypo1~nthine, metnotrexate, and 
glycine (THMG). This medium permits the survival of only 
those cells that produce TK, and can therefore utilize the 
exogenous thymidine from the medium. The test compound was 
added to the cleansed cells in growth medium at the predeter­
mined doses for 4 hr at 37 C on a roc~er. The tr~ated cells 
were washed, fed, and allowed to express in growth medium 
for 3 days. At the end of this expression period. TK-/­
mutants were detected by cloning the cells in the selection 
m~dium for 10 days. Surviving cell populations were determined 
by plating diluted al1quots in nonselective growth medium. 

2. Activation Assay 

rn BIONETtCS 
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The &ctivation assay differs from the nonactivation assay in 
the following manner only. 59 was added to 10 millflfters growth 
medium containing appropriate .cofactors and the desired number of 
cleansed cells. After adding the test compound, the flask 
was incubated with agitation for 4 hr at 37 C. The incubation 
period was terminated by washing the cells twice with growth medium. 
The washed treated cells were then allowed to express for 3 
days and were cloned as indicated for the nonactivation cells. 



3. EXPERIMENTAL DESIGN (Continued) 

C. Preparation of 9,000 ~ g Superi"latant 

Male, rando• bred •1ce (HAIICR) were killed by cranial blow, 
decapitated, and bled. The liver was i ... diately dissected f~ 
the ani•al using aseptic technique and placid in ice-cold 0.25 M· 
sucrose bufhred with Trh buffer at pH 7. 4. When an adequate 
nu.ber of livers had been collected, they were washed twice with 
fresh buffered sucrose and COIIIPletely hollogenhed. The hcMiogenate 
was centrifuged for 20 •in at 9,000 x i in ~ r•frigeratld centri­
fuge. The supernatant fro~ this centrifuged sa.p1e was retatned 
and frozen at -ao•c unt i1 used 1 n the act hat 1 on syst•. 1hh 
•icrosome preparation was added to a cor~ reaction ai~ture to fora 
the activation syst .. described below: 

CO!!!J)onent 

TPN (sod~um salt) 
Isocitric acid 
Tris buffer, pH 7.4 
MgC1 2 
Homogenate S9 fraction 

D. Screeni nc 

F 1 na1 Concentrat 1 on/111 · · .. · 

6 ..,, 
35 J,~IIOl 
28 J,lltOl 

2 J.IIIO 1 
100 ... , 

A muta:ion index was derived by dividing the number of clones 
formed in the BrdU-containing selection medium by th~ number found 
in the same medium without BrdU. The ratio was then compared to 
that obtai ned from other dose 1 eve 1 s and_ from positive and nega­
tive co~trols. Colonies were counted on an electronic colony 
counter that resolves all colonies greater than 2CO microns in 
diameter. 

1. EVALUATION CRITERIA 

Several criteria have been established which, if met, provide a basis 
for declaring a material genetically active in the Mouse Lymphoma 
Forward Mutation Assay. These criteria are derived from a historical 
data base and are helpful in maintaini~g uniformity in evaluations from 
material to material, and run to run. While these criteria are reason­
ably objective, a certain amount of flexicility may be required in 
making the final evaluation since absolute criteria may not be appli­
cable to all biological data. 
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4. EVALUATION CR!T:~!.A (Corltinued) 

A compound is considered mutagenic in this assay if: 

A dose-response relationship is observed over 3 of the 4 dose 
1 cvels IIIIP 1 oyed. 

The minimum )ncruse at. the high level of the dose·rwsponse 
curve is at least 2.5 tim~s qreater than the solvent and/or 
negative control values. 

The solvent and negative control dao;a are within the nonutl 
range of the spontaneous backgrounc for the TK locus. 

All evaluations of •utagenic activity art b•sed on consideration of the 
concurrent solvent and negative control values run with the experiment 
in question. Positive control values art not uJed as reference points, 
but are included to ensure that the current cell population rtsponds to 
direct and promutagens under the aporopriate treatment conditions. 

Occasionally, a single point within a concentration range will show an 
i ~crease 2. 5 times greater tnan the spontineous background. If the 
increase is !t the hign dose. is reproducible, and if an adait.ional 
higher dose level is not feasible because of to~icity, the chemical can 
be considered mutagenic. If the increase is interna l within the dose 
range anc is not reproauci b 1 e, the i ncruse will noma 11 y· be considered 
aberrant. l f the i nterna 1 increase is rt"?roduc i b 1 e, severa 1 doses 
clusterea around the positive concentration will be examined to either 
conf · ~ or rejec: the reliab il ity of the effect. 

As ~he data base on the assay increases, the evaluation cri~eria can be 
expected to become more firmly estaclished. 

rn 
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=· STANDARD OPERAT! NG PROCEDURE 

A 11 clata wi 11 b€! entered .i!! ~ (no penc'il ~. 

:. 11 changes or c:or"c!ions in entries will be ade with a single lfne 
.-.rough the change, and an txplanation for the change •ust be written. 

Al l ~alculations (weights, dilutions, dose cal~ulations, ate.) wf11 be 
shown on data records. 

All dat• entries will ~e dated and f~it1aled. 

All labor!'ltory operat ions will be written out in standard protocol 
aanuals . These manuals will be present in each laboratory area . 

Deviations frorn any established protocol will be described and justf· 
f i td . 

Data will be stored in bound form (notebooks or binders). These bound 
data books will be reviewed by t ne appropriate S1c t ion He1ds . 

Chemicals submitted for t ~:~ s: i"g wi ll have date of rece ipt and initials 
of ente r ·ng perso n. 

Lot numbe rs fp r a ll rEf! r·ence muti gens, solvent, or other ruterials 
useo in assays will b ~ record~d . 

Anima l orders , receip t s, and i de r · i fication will be "co~td and ain· 
taineo sue ~ that eacn ani!nal ca:. oe traced to the supplier and ship­
ment. Al l animals on stuay ~ill b~ properl y identified. 

A copy of the fi na l report plus all raw data and support docu.ents wil l 
be permanent ly stored in the archival syst~m of Litton 81onttics, Inc. 

Current curri cu la vitae and job description~ will bt m&intained on all 
personne l i nvolved i n the study. 
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